The diffusion-weighted (DW) magnetic resonance (MR) imaging findings of a patient with subacute stage of heroin-induced vacuolating myelinopathy are reported. The diffuse decrease of apparent diffusion coefficient (ADC) of the white matter on DW imaging is attributed to restricted water diffusion, which is known to be caused by fluid entrapment within the myelin lamellae without demyelination.
INTRODUCTION
Encephalopathy induced by heroin intoxication is characterized by spongiform myelinopathy as a result of fluid accumulation within the myelin sheaths (1) . Computed tomography has shown decreased attenuation of cerebral white matter in patients with heroin intoxication (1) . Magnetic resonance (MR) imaging typically shows diffuse T2 elongation of white matter due to the underlying pathologic feature of spongiform leukoencephalopathy (2) . These imaging findings are, however, not specific for heroin-induced encephalopathy and may resemble other leukoencephalopathies of different etiologies (3, 4) . The recent use of diffusion-weighted MR (DW) technique has improved the understanding of the pathophysiology of white matter myelination, dysmyelination, and demyelination by showing the anisotropically restricted diffusion of water inherent in the axons (5, 6, 7) .
We report a case of heroin intoxication in which DW MR images showed diffuse isotropic restriction of water diffusion in white matter at the intermediate stage of disease. The spongiform myelinopathy revealed by the diffuse decline of apparent diffusion coefficient (ADC) on the diffusion MR imaging has not been previously reported.
CASE REPORT
A 46-year-old male sustained sudden onset of aphasia and subsequent dyspnea after intravenous injection of unknown amount of heroin. He was in a comatose status for 3 weeks. When he was transferred to our hospital, physical examination showed an alert mentality and akinetic mutism. Deep tendon reflexes were increased in four limbs and obvious spastic quadriplegia was shown. The size of the pupils was 3 mm bilaterally. Abnormal laboratory data showed hemoglobin 11.8 gm/dl (normal male adult > 13 gm/dl), and serum phosphorus 5.7 mg/dl (normal 2.5-5.0 mg/dl).
MR scans obtained on the 25th day after the ictus revealed diffuse high signal intensity of cerebral white matter on long TR turbo spin echo T2-weighted images (Fig. 1A) and decreased signal intensity on conventional spin-echo T1-weighted image. Echoplanar diffusionweighted images showed an increase in signal intensity of bilateral frontoparietal white matter and, to a lesser extent, the occipital periventricular white matter in three orthogonal planes of diffusion gradient pulse sequences (Fig. 1B) . The normal anisotropy of the internal capsules at posterior limbs was reduced. The basal ganglia were not involved. The brain stem and cerebellum appeared normal in signal intensity on spin echo and echoplanar diffusion images. The derived ADC map from DW MR imaging showed marked decrease of white matter ADC (averaging ADC ‫ס‬ 48.7 ± 0.8; normal white matter ADC value at that period of time was around 70 ± 1.2 obtained from the same MR scanner) (Fig. 1C) . The patient was conservatively treated and then discharged with mild clinical improvement. A follow-up 6 months after his initial ictus revealed complete recovery of neurological function. The patient refused to do the followup MR study.
DISCUSSION
Focal cerebral lesions revealed by high-signal abnormalities on diffusion-weighted MR images together with a declining ADC have been shown in various diseases, including acute cerebral infarction, cerebral hematoma, Jakob-Creutzfeldt disease, and brain abscess (7, 8) . It has not been reported that similar DW imaging abnormality may be shown in diffuse white matter disease process, typified by the impaired water diffusion in the myelin sheath. This is probably because most of the leukoencephalopathy and leukodystrophy with demyelination (myelin destruction or myelin pallor) or dysmyelination have microscopic features of diminution or depletion of the myelin (a barrier to water motion) of the white matter axons, resulting in an increase in ADC value and a decrease of diffusion anisotropy (9) .
The explanation for the decreased water diffusion of the white matter in our patient can be attributable to the underlying pathologic changes of the myelin in response to heroin-produced neurotoxicity. The neuropathological and electronic microscopic findings of heroin-induced encephalopathy have shown spongiform degeneration of the white matter where vacuoles were formed between the myelin lamellae by splitting of the intraperiod lines (1) . Histopathologic evidence of demyelination was lacking in those patients who died soon after the onset of the disease. The accumulation of restricted fluid in between the layers of lamellae of myelin might cause increased isotropy of water diffusion of the white matter and account for the increased signal intensity on the DW MR images, as opposed to the vasogenic white matter edema or hydrocephalus in which fluid accumulation in the white matter interstitium outside the myelin sheaths would increase the water diffusion with resultant decreased anisotropic signal intensity on DW images. On the other hand, because the myelin and blood brain barrier are intact in patients with less severe heroin-induced leukoencephalopathy (1), reversible change of the DW MR signal may be expected. In our patient, the normal or decreased diffusion anisotropy in the brain stem and internal capsules on MR obtained 3 weeks after onset of illness was accompanied with the clinical improvement of symptoms. We suspected that there might have been brain stem and internal capsule involvement in our patient at the acute stage of heroin intoxication.
Although T2-weighted spin-echo MR imaging is sensitive to diffuse white matter disease, it is not specific for diseases with different pathologies such as demyelination, vasogenic white matter edema, and vacuolating myelinopathy (10) . In our case, the information provided by DW MR imaging is valuable in that it may suggest the underlying pathological process of the white matter.
